] i on GlyR whole-cell curslow processes (Levitan, 1994 -induced modulation the KChIPs, was isolated and shown to modulate the of NMDA receptor channels (Medina et al., 1994 (Medina et al., , 1996 . activity of potassium Kv channels (An et ] i and resulted in an augmentation of GlyR currents (n ϭ The degree of potentiation strongly varied (from 1.1-fold to more than 20-fold) depending on the condition-5; Figure 1D ] o was elevated to 12 mM suggests that it depends were tested in the same cells, the mean potentiation for homomeric ␣H1 GlyRs was 2.0 Ϯ 0.4 for 2 mM [Ca 2ϩ ] o on the amount of Ca 2ϩ that enters the cell. If this is true, the extent of potentiation in HEK-AMPA cells should and 9.9 Ϯ 1.1 for 12 mM [Ca 2ϩ ] o (mean Ϯ SEM, n ϭ 4) and for homomeric ␣Z1 GlyRs the potentiations were correlate with the total charge passing through AMPA receptors. To test this hypothesis, a short pulse of gluta-4.9 Ϯ 3.5 and 8.2 Ϯ 5.7, respectively (n ϭ 2) ( Figure 1C) . In all control experiments, the mean potentiation was mate (1 mM) was coapplied during a long (5-10 s) pulse of glycine (10-30 M) to HEK-AMPA cells transfected 8.5 Ϯ 2.2 (n ϭ 7) and 8.2 Ϯ 1.5 (n ϭ 21) for ␣H1 and ␣Z1 GlyRs, respectively, with 12 mM [Ca 2ϩ ] o . For neurons, the with the ␣Z1 GlyR subunit. The duration of the conditioning pulse of glutamate and the holding potential (V h ) of mean potentiation was 3.5 Ϯ 0.9 with 2 mM [Ca 2ϩ ] o (n ϭ 15). the cell were varied (1 to 2 s and Ϫ40 to Ϫ120 mV) in order to modify the total charge passing through the This potentiation was most likely due to an elevation of [Ca 2ϩ ] I , since it was abolished or strongly reduced AMPA receptors. As illustrated in Figure 2A , the conditioning pulse of glutamate caused a rapid and strong when the intracellular solution contained 10 or 30 mM BAPTA. Under these conditions, the mean potentiation for augmentation of the response to glycine. The extent of potentiation was quantified by comparing GlyR currents homomeric ␣Z1 and for neuronal GlyRs was 1.03 Ϯ 0.04 (n ϭ 3) and 1.19 Ϯ 0.07 (n ϭ 7), respectively ( Figure 1C ] o was 2 mM. The internal solution contained 0.2 mM BAPTA. Note that GlyR current was potentiated and already maximal at the end of the 100 ms depolarizing pulse. The inset shows a detail of the current seen during the depolarization. since under our experimental conditions responses infor a few seconds before gradually declining to preconduced by glutamate alone wash out completely in Ͻ300 ditioning levels but never showed further augmentation. ms (see Figure 2A) . Potentiation in different cells was This suggested that the glutamate-induced potentiating plotted as a function of the charge passing through the effect had a delay of onset of Ͻ1 s. AMPA receptors during the conditioning pulse. Under Determination of the speed of onset of GlyR current similar experimental conditions, fractional Ca 2ϩ current potentiation using HEK-AMPA cells could be obscured corresponds to about 3.2% of the total AMPA receptor by solution exchange in whole-cell recordings. In order current, independent of the membrane potential (Burto circumvent this problem, we used voltage-activated nashev et al., 1995). As illustrated in Figure 2B, Experiments using HEK-AMPA cells transfected with current, which interfered with the glycine current, and homomeric GlyR showed that potentiation was already (2) low Ca 2ϩ charge transfer, which might not be suffipresent at the end of the shortest (1 s) pulse of glutamate (Figure 2A) . Glycine currents could remain potentiated cient for potentiation (see Figure 2B ). Okadaic acid is an inhibitor of protein phosphatases were incubated overnight with pertussis toxin (500 ng/ ml) and with cholera toxin (1 g/ml). Whole-cell re-PP1, PP2A (IC 50 ϭ 0.1-0.5 M), and PP2B (calcineurin, IC 50 ϭ 4-5 M) (Bialojan and Takai, 1988). In order to cordings were conducted with pipettes containing 500 M GDP ␤ S (the nonhydrolyzable GDP analog). Transient investigate the possible role of Ca 2ϩ -dependent dephosphorylation in the GlyR potentiation, okadaic acid (1-10 potentiation was similar to that observed in control cells (n ϭ 5; Figure 3D ). M) was included in the recording pipette. Reversible potentiation was observed in all cells (n ϭ 8; Figure 3D Figure 5C was then used as a "calibrakainate (200 M). In contrast, the same conditioning application failed to potentiate responses to 100 M tion" curve to estimate EC 50 s based on deactivation kinetics of responses to glycine before and after potentiaglycine, a saturating concentration in this cell ( Figure  4A, right) .
tion. As summarized in Figure 5D , the mean deactivation rate (1/ off ) of currents evoked by 30 M glycine before A summary of results for HEK-AMPA cells transfected with ␣H1 subunit is shown in Figure 4B . The mean potenpotentiation was 22.8 Ϯ 7.2 s Ϫ1 (n ϭ 12). On the calibration graph this corresponded to EC 50 ϭ 68 M. After the tiation for currents induced by 10 or 30 M glycine was 4.47 Ϯ 2.93 (n ϭ 7). In contrast, for 100 M glycine the glutamate-induced Ca 2ϩ influx, the mean 1/ off in the same cells decreased to 11.4 Ϯ 1.8 s Ϫ1 , corresponding mean potentiation was only 1.16 Ϯ 0.39 (n ϭ 6). The lack of potentiation at saturating concentrations of the to EC 50 ϭ 28 M (see arrows in Figure 5C ). These observations strongly suggest that Ca 2ϩ -agonist strongly suggests that the number of functional GlyR channels did not increase.
induced potentiation results from an increase in the apparent affinity of GlyRs. The second strategy was based on analysis of the kinetics of GlyR currents. As illustrated in Figures 5A and 5B, GlyR currents before and after conditioning Ca sence of Ca 2ϩ might be explained by the removal of a mM) and in spinal cord neurons with 0.5 mM BAPTA in the recording pipette (data not shown). cytoplasmic diffusible factor that regulates the activity of the receptor.
Altogether, these observations strongly support the existence of a diffusible factor that modulates the activity of GlyR channels. Apparent Affinity for Glycine Increases during Long Whole-Cell Recording Discussion One of the consequences of this mechanism would be that during a whole-cell recording the putative diffusible In this paper, we describe a novel mechanism of GlyR factor should slowly wash out, thus enhancing the apmodulation: fast potentiation by intracellular Ca
2ϩ
. This parent affinity of GlyR for agonists. To verify this hypothphenomenon develops in Ͻ100 ms and is characterized esis, we estimated EC 50 s of GlyR by constructing seby an elevation of the apparent affinity of GlyR for its quential dose-response curves during long-lasting neurotransmitter. Phosphorylation/dephosphorylation whole-cell recordings (up to 3 hr) from HEK-AMPA cells and G protein pathways do not underlie this effect. Fast transiently transfected with the ␣Z1 or ␣H1 GlyR subpotentiation is also not caused by a direct interaction units.
of Ca 2ϩ ions with the intracellular domain of the receptor. For the cell illustrated in Figure 8A , the EC 50 , estimated Our results suggest the presence of an intermediate from complete dose-response curves, spontaneously Ca 2ϩ -sensitive cytoplasmic factor that regulates the gatdecreased by more than 2.5-fold (from 70 M to 27 M) ing of GlyR channels. during 2 hr of whole-cell recording. Consequently, the amplitude of responses to 30 M glycine increased from 0.2 nA to 1.95 nA, i.e., nearly 10-fold ( Figure 8A, insert) . 
